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P I  ABSTRACT 
A method for controlling the crystallization of protein 
by solvent evaporation including placing a drop of 
protein solution between and in contact with a pair of 
parallel plates and driving one of the plates toward and 
away from the other plate in a controlled manner to 
adjust the spacing between the plates. The drop of solu- 
tion forms a liquid cylinder having a height dependent 
upon the plate spacing thereby effecting the surface 
area available for solvent evaporation. When the spac- 
ing is close, evaporation is slow. Evaporation is in- 
creased by increasing the spacing between the plates 
until the breaking point of the liquid cylinder. One plate 
is mounted upon a fixed post while the other plate is 
carried by a receptacle movable relative to the post and 
driven by a belt driven screw drive. The temperature 
and humidity of the drop of protein solution are con- 
trolled by sealing the drop within the receptacle and 
mounting a heater and dessicant within the receptacle. 
2 Claims, 1 Drawing Sheet 
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METHOD FOR CONTROLLING PROTEIN 
CRYSTALLIZATION 
ORIGIN O F  THE INVENTION 
The invention described herein was made by an em- 
ployee of the United States Government and may be 
manufactured and used by or for the Government for 
Governmental purposes without the payment of any 
royalties thereon or therefor. 
BACKGROUND O F  THE INVENTION 
This invention relates to a method and apparatus for 
controlling the evaporation of a protein solution for 
achieving successful protein crystallizations, and more 
particularly to a method and apparatus for shaping a 
drop of protein solution between a pair of plates by 
varying the spacing between the plates so as to control 
the evaporation of the protein solution. 
Protein crystalization to obtain high quality protein 
crystals is a necessary step in determining the three 
dimensional atomic structure of proteins. Knowledge of 
such structures is required for investigating and devel- 
oping pharmaceutical products possessing unique thera- 
peutic qualities. Additionally, genetic engineering has 
opened up the possibility of synthesizing proteins once 
an existing structure is known. 
The most popular method for crystallizing proteins is 
solvent evaporation. The protein is combined with a 
precipitating agent and the equilibrating solution is 
allowed to evaporate slowly and hence concentrate the 
protein beyond its solubility limits. Nucleation and crys- 
tal growth follow. The method is flexible enough to 
encompass many solution set-ups, including a drop 
hanging from a plate, a drop sitting on a platform and 
the intermediate case of a drop sandwiched between 
two plates. 
As more protein reproducible protein crystallizations 
are sought, dynamic control of evaporation is required. 
Approaches based on humidity control or osmotic be- 
havior have been proposed which give greater control 
over the rate of protein crystallization. These proposals 
are directed to better control liquid evaporation and 
solution conditions through humidity regulations, dialy- 
sis and gel growth. The principle drawbacks of these 
approaches is that they require more elaborate solution 
preparations (gels) and rely on considerable electronic 
sensing and hardware to provide the humidity control. 
Although designed to accommodate many evaporation 
profiles, one aim of these efforts is to maintain high 
protein supersaturations early and thus to generate ini- 
tial nucleation, but subsequently to slow evaporation 
and avoid multiple nucleations which can compete with 
the growth of a few high-quality protein crystals. This 
dynamic profile of evaporation, initially fast and subse- 
quently slow, is presently achievable using only humid- 
ity control. 
SUMMARY O F  THE INVENTION 
Consequently, it is an object of the present invention 
to provide a simple method and apparatus for achieving 
successful protein crystallizations by using active drop 
shaping to control the dynamic profile of evaporation 
and protein supersaturations. 
It is another object of the present invention to pro- 
vide a method and apparatus for controlling protein 
crystallization by placing a protein solution between 
and in contact with a pair of plates and thereafter ad- 
2 
justing the spacing between the plates and thus the 
surface area of the solution available for solvent evapo- 
ration. 
It is a further object of the present invention to pro- 
5 vide a method and apparatus for varying the spacing 
between a pair of plates between which a drop of pro- 
tein solution is disposed thereby to control readily -and 
inexpensively the protein crystallization conditions. 
Accordingly, the present invention provides a 
lo method and apparatus for controlling protein crystalli- 
zation comprising placing a drop of protein solution 
between a pair of parallel plates and controllably driv- 
ing one of the plates toward and away from the other 
15 plate to adjust the spacing between the plates. When a 
drop of the solution is placed between and in abutting 
relation with the plates it forms a liquid cylinder with a 
height dependent upon the plate spacing. The spacing 
thus determines the surface area available for solvent 
20 evaporation. Evaporation is slowed by spacing the 
plates closer, and evaporation is increased by increasing 
the spacing between the plates until the liquid cylinder 
breaking point where the plate spacing is equal to the 
circumference of the liquid cylinder. Temperature is 
25 controlled by a heater associated with one of the plates 
and humidity is controlled by a dessicant. At a futed 
temperature and humidity, the spacing between the 
plates and the liquid geometry are the only mechanical 
determinants of evaporation. Thus, protein crystalliza- 
30 tion can be precisely controlled by controlling the evap- 
oration profde. Initial nucleation may be generated at a 
high evaporation rate by spacing plates further apart 
and once nucleation is detected, the plate spacing can be 
narrowed to slow subsequent evaporation and suppress 
BRIEF DESCRIPTION OF THE DRAWING 
The particular features and advantages of the inven- 
tion as well as other objects will become apparent from 
40 the following description taken in connection with the 
accompanying drawing in which: 
The FIGURE is a diagrammatic view of apparatus 
constructed in accordance with the principles of the 
present invention for controlling protein crystallization. 
DESCRIPTION OF THE PREFERRED 
EMBODIMENT 
Referring to the drawing, apparatus 10 for control- 
ling protein crystallization in accordance with the pres- 
50 ent invention includes a fixed base member 12 which, as 
illustrated, may be disposed horizontally. Secured to the 
base member 12 is an upstanding post 14 preferably of a 
cylindrical configuration. The post 14 is slidably re- 
55 ceived within an annular sleeve 16 of a cylindrical hous- 
ing 18, the housing 18 having a radial wall 20 at one end 
to close that end except or the opening in the sleeve 16, 
and being open at its other end. The interior of the 
housing 18 thus forms a receptacle disposed about the 
60 sleeve 16 and the post 14 which extends therethrough. 
Extending about the open end of the housing 18 is an 
integral flange 22. Disposed within the post 14 at its 
upper end is a heater 24 including a heating element 26 
for purposes which will hereinafter be made clear. Se- 
65 cured within the housing 18 about the upper end of the 
post 14 and the heater 24 is a cylindrical plate 28 known 
as a sting, the plate or sting 28 preferably being formed 
from glass, or alternately, although not illustrated, it 
35 further nuclei from forming. 
45 
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may be formed from another material and support a When compared to existing methods, the present 
glass plate or slide on its upper surface. invention provides a mechanically simple design yield- 
Positioned above the flange 22 is a plate 30, which has ing high reliability at lost cost. Moreover, since the 
a larger diameter than that of the flange 22. A gasket 32 plate spacing can be dynamically controlled with great 
is disposed intermediate the flange 22 and the plate 30 5 precision, a controller feedback loop can optimize the 
and the plate is secured to the flange. The gasket en- evaporative driving force for protein crystallization, 
sures that the temperature and humidity within the Le., the evaporation profile. Solution diagnostics such as 
receptacle 18 may be controlled by the heater 24 and by monitors for pH, salt and electrical conductance may be 
the use of a liquid dessicant 34 such as ammonium SUI- readily incorporated into the space between the sting 28 
fate within the receptacle, or alternatively, a solid dessi- 10 and the plate 36 by incorporating small entry por ts  in 
cant. In either case, the temperature and humidity the plate 30. Catastrophic drop dislodgment or large 
within the receptacle may be maintained substantially oscillations are effectively minimized by the plates. 
constant. The plate 30 may be formed from glass, but Additionally, the plate spacing may be varied dynami- 
preferably a glass plate 36 may be fastened to and car- cally to give greater overall resistance to residual vibra- 
ried by the upper surface of the plate 30 facing the sting 15 tion such as that which might occur periodically on a 
28. A drop of protein solution may then be placed on spacecraft. In any event, the method and apparatus of 
the sting 28 to form a liquid cylinder 38. The height of the present invention provides a wide and reliable ex- 
the cylinder formed is then dependent only upon the perimental control over protein crystallization condi- 
spacing between the sting 28 and the plate 36 which tions at low expense and with great flexibility. 
remain in contact with the liquid drop. The distance or 20 Numerous alterations of the structure herein dis- 
spacing between the sting and the plate 36 then deter- closed will suggest themselves to those skilled in the art. 
mines the surface area available for solvent evaporation. However, it is to be understood that the present disclo- 
Although any of a number of systems may be devised sure relates to the preferred embodiment of the inven- 
to precisely move the plate 30 and thus the plate 36 tion which is for purposes of illustration only and not to 
relative to the sting 28, a screw drive construction has 25 be construed as a limitation of the invention. All such 
been illustrated. Thus, the plate 30 includes at least one modifications which do not depart from the spirit of the 
internally threaded boss or nut member 40 secured to invention are intended to be included within the scope 
the plate 30, member 40 threadedly receiving one end of of the appended claims. 
a screw 42, the other end of which is constrained against Having this set forth the nature of the invention, what 
axial movement by a bearing 44 within which the screw 30 is claimed herein is: 
may rotate. A pulley 46 may be fastened to each screw 1. A method for controlling protein crystallization 
42 at, the end supported by the bearing 44. A belt 48 
connects the pulleys 46 and 49 which may be selectively (a) placing a drop of protein solution between two 
and precisely driven by a motor 50, which may be a parallel plates so that the solution is engaged by 
stepping motor, a servo-motor, or the like. Thus, rota- 35 both plates, 
tion of the motor 50 in either direction will rotate the (b) evaporating a solvent from the protein solution 
screw 42 to drive the plate 30 either upwardly or down- engaged by both plates to crystallize the protein, 
wardly to increase or decrease the space between the and 
plate 36 and the sting 28. (c) moving one of the plates relative to the other of 
the plates during evaporation of the solvent to vary 
and the sting 28, solvent evaporation may be controlled the spacing therebetween while maintaining the 
to control the evaporation profile. Closer spacings slow contract of the drop with both plates thereby to 
evaporation and hence achieve a reduced driving force vary a dimension of the drop between the plates 
for crystallization, while larger spacings speed evapora- and thus the surface area of the drop and the evapo- 
tion until the cylinder breaking point, ;.e., the Rayleigh' 45 ration rate of solvent. 
limit, where the plate spacing equals the circumference 2. The method as recited in claim 1, including main- 
of the fluid cylinder. Actively and precisely controlling taining the temperature and humidity of the solution 
the fluid surface area thereby provides control over the substantially constant. 
comprising: 
By precisely adjusting the space between the plate 36 40 
' 
course of protein crystallization. * * * * *  
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